Coxsackievirus B3 (CVB3) (family *Picornaviridae,* genus *Enterovirus*) is a major human pathogen ([@R1]--[@R3]), and CVB3-associated aseptic meningitis is an emerging concern ([@R4]). In the summer of 2008, an aseptic meningitis outbreak occurred in southern Shandong Province, People's Republic of China. Shandong is a coastal province with a population of 94.7 million. The huge number of hospitalized children caught the attention of public health officials and media and triggered an extensive study on the causative agent. To help determine the cause of the outbreak, we analyzed samples from outbreak case-patients and conducted a molecular epidemiology study of CVB3 isolates collected in Shandong during 1990--2010.

The Study
=========

The 2008 outbreak occurred during June--September and peaked in early July. A total of 887 patients, 596 male and 291 female, were hospitalized. Patient ages ranged from 2 months to 64 years; most (98%) were \<15 years of age. Epidemiologic investigation showed that 617 (69.6%) case-patients had a history of contact with aseptic meningitis case-patients, and 159 (17.9%) had drunk untreated well water. The most common clinical manifestations were fever (89.6%), vomiting (57.2%), headache (48.3%), lethargy (14.5%), and rash (1.5%). No sequelae or deaths were reported.

To investigate the causative agent, we collected 120 cerebrospinal fluid samples and 22 fecal samples from 142 case-patients. Using the RD and HEp-2 cell lines, we isolated 82 enteroviruses (67 from cerebrospinal fluid and 15 from feces); serotypes were CVB3 (n = 81) and echovirus 30 (n = 1). We sequenced and analyzed the virus capsid protein 1 (VP1) regions of 34 randomly selected CVB3 strains as described ([@R5]--[@R7]). Only strain TC177 had 8.1%--9.7% genetic divergence with the other 33 strains, which shared 98.6%--100.0% identity among themselves.

We also analyzed details of clinical and environmental CVB3 strains collected in Shandong since 1990 ([Table](#T1){ref-type="table"}) by using data from the acute flaccid paralysis (AFP) surveillance system. Because China has no specialized enterovirus surveillance system, no comprehensive molecular epidemiologic data are available for CVB3 or other nonpolio enteroviruses that cause aseptic meningitis. However, the AFP surveillance system, developed for the polio eradication program and conducted in Shandong since 1990, can provide baseline data of local nonpolio enterovirus circulation ([@R8]).

###### Sources of 157 coxsackievirus B3 in Shandong Province, People's Republic of China, 1990--2010\*

  Source                                                                Specimen        No. isolates   Years of isolation
  --------------------------------------------------------------------- --------------- -------------- --------------------
  AFP surveillance                                                      Feces           59             1990--2010
  Environmental surveillance                                            Sewage          9              2008--2010
  Patients with aseptic meningitis and encephalitis syndrome in Jinan   CSF             4              2006--2008
  Patients with aseptic meningitis during outbreak in Tancheng          CSF and feces   81             2008
  Patients with aseptic meningitis during outbreak in Yanzhou           CSF             2              2005
  Patient with hand-foot-and-mouth disease                              Throat swab     2              2008

\*AFP, acute flaccid paralysis; CSF, cerebrospinal fluid.

According to the AFP surveillance system, during 1990--2010, a total of 768 nonpolio enteroviruses were isolated, and 59 (7.7%) strains were typed as CVB3 by use of a molecular method ([@R6]). Frequency of CVB3 isolation fluctuated from year to year and peaked during 1996, 2000--2002, 2005, and 2008 ([Figure 1](#F1){ref-type="fig"}). The low level of CVB3 before 1996 might be a surveillance artifact because AFP surveillance in China increased substantially throughout the 1990s. CVB3 accounted for ≈21% of all nonpolio enterovirus isolates from AFP case-patients in 2008. Another outbreak of aseptic meningitis outbreak occurred in 2005, during which 57 CVB5 strains were recovered ([@R9]) and 2 CVB3 strains were identified. From environmental surveillance, CVB3 was isolated in 2008 (n = 7), 2009 (n = 1), and 2010 (n = 1). In addition, CVB3 was isolated from patients with hand-foot-and-mouth disease (n = 2) and sporadic aseptic meningitis and encephalitis syndrome (n = 4).

![Frequency of isolation of coxsackievirus B3 (CVB3) in patients with acute flaccid paralysis, Shandong Province, People's Republic of China, 1990--2010. Bars indicate number of CVB3 isolates from acute flaccid paralysis (AFP) surveillance; line indicates number of cases of AFP.](12-0090-F1){#F1}

To study the molecular epidemiology of CVB3 in Shandong, we used MEGA version 4.0 ([@R10]) to phylogenetically analyze the complete VP1 sequences of global CVB3 strains, including 72 Shandong isolates from AFP surveillance (n = 59), aseptic meningitis case-patients (n = 7), hand-foot-and-mouth disease case-patients (n = 2), and environmental surveillance (n = 4) ([Figure 2](#F2){ref-type="fig"}). Global CVB3 strains were segregated into 4 genogroups, A--D, with at least 15% complete VP1 nucleotide diversity between clusters. All strains from Shandong, together with 5 strains from the Chinese provinces of Guangdong, Jilin, Anhui, Yunnan, and Beijing, fell into genogroup D, which was further divided into 3 subgenogroups, D1--D3, representing isolates from 1990--2003, 2002--2010, and 2004--2009, respectively. Homologous analysis indicated that nucleotide identities among subgenogroups D1--D3 were 90.9%--100%, 89.6%--100%, and 94.4%--99.6%, respectively. The representative strain from the aseptic meningitis outbreak (TC012) belonged to subgenogroup D2, and TC177 belonged to subgenogroup D3.

![Phylogenetic tree based on the alignment of the entire virus capsid protein 1 coding regions of coxsackievirus B3 isolates from Shandong, People's Republic of China, and around the world. Triangles indicate isolates from patients with acute flaccid paralysis; diamonds indicate isolates from patients with aseptic meningitis; circles indicate isolates from the Shandong environment; and squares indicate isolates from patients with hand-foot-and-mouth disease; the arrow indicates the representative strain 2008TC012 from the aseptic meningitis outbreak in 2008. Strain 26362/08 from patients with aseptic meningitis in Hong Kong is not shown in the tree because only part of the virus capsid protein 1 sequence was available. AUS, Australia; CHN, China; FRA, France; GER, Germany; NL, the Netherlands; USA, United States. Scale bar indicates nucleotide substitutions per site.](12-0090-F2){#F2}

When partial VP1 sequences (393 nt) were aligned, the relationship between Shandong strains in 2008 and Hong Kong aseptic meningitis strain 26362/08 was close: strains 08153 and 08281 had the highest similarities (98.7%) with 26362/08. A close relationship (97.7%--98.5% similarity) was also observed between 26362/08 and the other aseptic meningitis strains from Shandong (TC047, CVB3 strain 08AM.199, hand-foot-and-mouth disease strain Y019, environmental stains in 2008, and the strains from Beijing, Anhui, and Yunnan from 2008).

The VP1 sequences were deposited into GenBank. Accession numbers are GQ246518, GQ329744--GQ329767, FJ919564, FJ919566--FJ919598, GU272011--GU272013, and JQ364844--JQ364885.

Conclusions
===========

Our results indicate that CVB3 was the cause of the outbreak and that most CVB3 isolates were closely related. The AFP surveillance in Shandong, although insufficient for monitoring enterovirus infections of humans, revealed a similar fluctuating epidemic mode for CVB3 with a temporal peak in 1--3 years and quiescence for 2--3 years. The temporal dynamics of echovirus 30, causing nationwide epidemics of 2--4 years separated by periods of quiescence, have been reported ([@R11]). The CVB3 peak detected by AFP and environmental surveillance in 2008 correlated well with the aseptic meningitis outbreak, demonstrating high CVB3 activity at that time. Of note, aseptic meningitis surveillance in Hong Kong detected increased CVB3 activity during 2001, 2005, and 2008 ([@R4]), consistent with the temporal peak of CVB3 in Shandong. The close genetic relationship between the strains from mainland China and the Hong Kong strains in 2008 suggests that the same strain was circulating in both regions.

Most global CVB3 strains belong to genogroups B and D. During 1970--2006, genogroup B came from the United States, Australia and Europe. However, this genogroup has not yet been found in mainland China. Although genogroup D was composed entirely of strains from China, our data are insufficient for us to propose that genogroup D is confined to China only. Nevertheless, our study demonstrates that genogroup D has been predominantly circulating in mainland China for the past 20 years and is responsible for all documented outbreaks and sporadic cases of CVB3-associated aseptic meningitis. Because of the more frequent population exchange between China and the rest of the world, the chance for importation of other CVB3 genogroups to mainland China is greatly increased.
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